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(54) Wire cut electrical discharge machining 

(57) Wire cut electrical discharge machining, to form 
a hole through a workplece (W). is carried out by moving 
the machining wire along a series of closed machining 
paths (D1, D2. D3, C) which are substantially similar to 
one another but extend one inside the next at a distance 
therefrom such that the machining proceeds in a core- 
less manner from the innermost one (D1 ) of the paths to 
the outermost one (C) thereof. 
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Description 



This invention relates to wire cut electrical discharge 
machining, more particularly to a machining method for 
forming a hole through an object being machined s 

Inwirecutelectricaldischargemachining, amachin- 
ing target object (hereinafter referred to as a worl<piece) 
may be machined so as to produce the effect of punching 
out a hole in the workpiece. In such a wire cut 'punching' 
method. It may be necessary to remove a portion left in- io 
side the workpiece (hereinafter referred to as a core) to 
leave that desired hole open. Prevfously-conskJered 
methods of this kind are. 

(1 ) a method in which the internally remaining core is 
IS rernoved after the completion of rough machining, 
and thereafter finishing is carried out, and 

(2) a method in wliich the process from rough 
machining to finishing is carried out after a predeter- 20 
mined amount of uncut portion is set, and the core 
IS cut down by cutting the uncut portion. 

Such a previously-considered wire cut punching 
method is problenr^tic because of a need for manual ss 
control, such as direct manual removal of the core at the 
required time, or an operator's nnanual control required 
to avoid disconnection of the wire when the core is cut 
free and drops. 

However, at the time of the core removal in the so 
punching machining, when a portion to be machined has 
a small shape, it is possible to shatter and remove the 
unnecessary portion (this machining will be referred to 
as coreless machining). Consequently, in order to over- 
come problems, another machining method can be pro- 3S 
vided to omit the manual control, in which NC data for 
the coreless machining is created by using an automatic 
programming apparatus or the like, and the punching 
machining is carried out by theprogram. However, in this 
mettiod. It 18 necessary to previously set a machining 4o 
path so as to enable the coreless machining, and create 
the program depending upon the machining path There- 
fore, all wire moving paths should be preset, resulting in 
a problem in that a large and complicated program is re- 
quired. 

Alternatively, for the sake of simplicity of program 
creatron. another method can be considered in which a 
wire machining path is formed depending upon a final 
machining path by using functions of scaling up and 
down a graphic and of a variation of offset. However so 
there is a problem in that this method can be applied to 
only a simple profile shape. 

In an embodiment of the present invention, a profile 
Shape of a machining area to be punched is initially spec- 
ified to a workpiece. It Is possible to specify the profile ss 
shape by, for example, a block command in a machining 
program in a typical NC machining apparatus. Further 
a machinmg path through which the wire passes in the 



profile shape is found by calculation depending upon 
shape data of the specified profile shape, and data such 
as an amount of offset according to machining conditions 
in wire cut electrical discharge machining such as finish- 
ing allowance and wire diameter. 

In the cakjulation to find the machining path from 
among line segments for connecting a reference point 
set in the profile shape and a convex portion of the profile 
Shape, a line segment which does not intersect the pro- 
file shape is initially found. Further, a point on the line 
segment is found as a passing point on the machining 
path. That is, the line segment for connecting the refer- 
ence point set in the profile shape and the convex portion 
of the profile shape is found. If the line segment does not 
intersect the profile shape, the point on the line segment 
is defined as the passing point on the machining path If 
the line segment intersects the profile shape, there'is 
provided a line segment for connecting the preceding 
convex portion and the following convex portkjn which 
cause no interference, and a point on the line segment 
IS defined as the passing point on the machining path 
The found passing points are connected to form a circu- 
lating machining path. 

A plurality of circulating machining paths are provid- 
ed in a direction from a center in the profile shape toward 
the profile shape. Wire cut electrical discharge is carried 
out while sequentially passing the wire through the plu- 
rality of machining paths starting from the innermost ma- 
chining path toward the outermost machining path 
thereby carrying out machining while shattering and re- 
moving an unnecessaiy portion. That is. coreless ma- 
chining IS carried out to remove a core without leaving 
the unnecessaiy portion. The number of the plurality of 
machining paths can be set to an integer greater than a 
value obtained by dividing a distance from a machining 
start point in the profile shape to the farthest portk>n of 
the profile shape by an amount of the maximum cutting 
of the wire. By setting the number of paths, it is possible 
to carry out the machining so as not to leave the unnec- 
essary portion. 

In embodiments of the present invention, it is possi- 
ble to carry out the coreless machining and finishing in 
the profile shape by simply specifying the profile shape 
•n confomiity to the same fonnat as that in typical ma- 
chining. Further, even in case of a complicated profile 
shape, It IS possible to automaticalV set the coreless ma- 
chining path and a finishing path. 

Reference will now be made, by way of example, to 
the accompanying drawings, in whteh: 

Fig. 1 is a machining path diagram illustrating core- 
less machining embodying the present invention; 

Fig. 2 is a diagram showing a punching procedure 
by wire cut electrical discharge machining; 

Fig. 3 is a diagram showing a machining procedure 
for coreless machining embodying the present 
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invention; 

Fig. 4 is a diagram illustrating a method of forming 
an offset path and a coreless machining path by 
using a linear block embodying the present inven- s 
tion; 

Fig. 5 is a diagram illustrating an embodiment of the 
present invention that involves a circular arc-like 
block having a concave circular arc; 

Fig. 6 is a diagram Illustrating an embodiment of the 
present invention that involves a circular arc-like 
block having a convex circular arc; 

Fig. 7 Is a diagram Illustrating a method, embodying 
the present invention, of forming an offset path and 
a coreless machining parth, Involving a circular 
arc-like block; 

Fig. 8 is a flowchart Illustrating a procedure for a 
machining method embodying the present Inven- 
tion; 

Fig. 9 is a diagram Illustrating a check on interfer- 
ence between a coreless machining path and an off- 
set path in an embodiment of the present Invention; 
and 

Fig. 10 Is a diagram illustrating a check on interfer- 
ence between a coreless machining path and an off- 
set path in an embodiment of the present invention. 

As one aspect of rough machining, there Is em- 
ployed a coreless machining of removing an unneces- 
sary portion inside a workpiece by using wire cut electri- 
cal discharge. Finishing may be carried out after the 
coreless machining. Fig. 2 is a diagram showing a 
punching procedure by using the wire cut electrical dis- 
charge. In Fig. 2, an unprocessed portion is shown by a 
shaded portion. In Fig. 2, In order to punch out a profile 
shape A shown by the solid line from an object to be ma- 
chined W (hereinafter referred to as workpiece) shown 
in (a), the coreless machining shown in (b) is carried out 
If the coreless machining serving as rough machining Is 
not completed. Finishing shown In (c) and (d) are carried 
out if the coreless machining is completed. The coreless 
machining (b) is carried out by using an offset path C 
shown by the broken line in the drawing as a wire passing 
path. The offset path C Is a path formed by offsetting the 
profile shape A by the sum of a finishing allowance c1 
and a wire diameter correction number d1 (an amount of 
wire diameter correction set in an offset memory d1) in 
the coreless machining, I.e., the sum of c1 and d1. 

In order to carry out finishing after the completion of 
the coreless machining, the finishing shown in (c) and 
(d) are carried out. In the drawing, the finishing is carried 
out twice. In the finishing, a machining path shown by 



the one dot chain line or the two dot chain tine is defined 
as a wire path. In the drawing, the finishing allowance c1 
and the wire diameter correction number d1 serving to 
set a finishing path respectively correspond to c2 and d2 
in first finishing, and to c3 and d3 in second finishing. 

A description will now be given of a machining meth- 
od in the coreless machining embodying the present in- 
vention. 

The coreless machining embodying the present in- 
vention comprises four steps of: (1) specifying a profile 
shape, (2) forming an offset path depending upon the 
profile shape, (3) forming a coreless machining path de- 
pending upon the offset path, and (4) carrying out wire 
electrical discharge machining by moving an electrode 
along the coreless machining path and the offset path. 

Fig. 1 is a machining path diagram illustrating the 
coreless machining embodying the present invention. In 
Fig. 1 , the sh.aded portion means the unprocessed por- 
tion of the workpiece W, and a blank portion surrounded 
by the shaded portion (specifically, a portion surrounded 
by the one dot chain line B) means a portton to be re- 
moved by the coreless machining. Further, in the draw- 
ing, a shape shown by the bold solid line is equivalent to 
the profile shape A of a product to be formed according 
to the wire cut electrical discharge machining. In the pro- 
file shape A, points P1, P2,... P9, P10 (= P1) are con- 
nected to obtain a closed path, and the closed path is an 
offset path C through which a wire electrode (hereinafter 
briefly referred to as wire) passes to form a substantially 
profile shape A. Further, inside the offset path C, three 
closed paths D1 , D2, and D3 are the coreless machining 
paths whose shape are substantially identical with a 
shape of the offset path C. 

The wire passes through the coreless machining 
paths D1, D2. and D3. and further passes through the 
offset path C to carry out electrical discharge machining. 
Thus, the discharge operation can remove an inside por- 
tion of a shape shown by the one dot chain line B of Fig. 
1. The above operation corresponds to the rough ma- 
chining. Further, it is possible to obtain the product hav- 
ing the profile shape A by cutting the finishing allowance 
cl in the finishing. 

In the machining using the coreless machining paths 
D1 , D2, and D3 shown in Fig. 1 , the machining is started 
from a reference point O { X(x2), Y(y2)} in the profile 
shape A toward a point Q { X(x1), Y(y1 )} on the profile 
shape A. Further, the machining is carried out from a 
point intersecting the inmost coreless machining path D1 
along the coreless machining path D1 . When the ma- 
chining along the inmost coreless machining path D1 is 
completed, the wire proceeds toward the point Q { X(x1 ), 
Y(y1 )} again. Subsequently, the machining is carried out 
from a point intersecting the next coreless machining 
path D2 along the coreless machining path D2. The ma- 
chining is sequentially carried out along the coreless ma- 
chining paths D, and finally carried out along the offset 
path C. 

A description will now be given of a machining pro- 
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cedure for the coreless machining with reference to Figs 
3(a) to 3(e). The coreless machining includes machining 
by using the coreless machining paths shown in Figs 3 
(a) to 3(d), and machining along the offset path C shown 
in Fig. 3(e). When the machining along the offset path C 
IS completed, removal is made up to the portion shown 
by the solid line B shown in Fig. 3(e). In Fig. 3. the offset 
path C IS shown by the broken line. 

Initially, wire machining is started from a reference 
point O disposed inside a profile shape A in Fig. 3(a) 
The wire machining is carried out along a path a from the 
reference point O toward a point Q on the profile shape 
A. Subsequently, the machining is started along a core- 
ess machining path b from an intersection R between 
the path a and the innemiost coreless machining path b 
After the completion of the machining along the coreless 
machining path b. subsequent wire machining is made 
along a straight line c for connecting the reference point 
O and the point Q up to an intersertion S between the 
ine c and the nextcoreless machining path d. Thereafter 
the wire machining is continued along the coreless ma- 
chining path c. 

Similarly, as shown in Figs. 3(c) and 3(d), the ma- 
chining IS made along a straight line e and a coreless 
machining path f, and a straight line g and a coreless 
machining path h. 

Fig. 3(e) shows the offset path C which is provided 
outside the coreless machining paths b. d. f and h The 
wire proceeds towarel the point Q along a straight line i 
alter the completion of machining of the coreless ma- 
chining path h. The machining is carried out according 
to the coreless machining path h from an intersection V 
between the line i and the coreless machining path h 
thereby carrying out machining according to the offsei 
path C. A machined shape B is formed by the machining 
according to the offset path C, and has a dimension ob- 
tained by offsetting the profile shape A by the a finishing 
allowance c1 and a wire diameter correction number d1 
in the coreless machining. 

A description will now be given of an illustrative pro- 
gram used in a machining method embodying the 
present inventton. For exannple. the program includes 
(Coreless machining command). (Profile shape com- 
mand), and (Finishing command).as will be described 



(Finishing command) 



(Coreless machining command) 

G81 P(ns) Q(nf) K(Ad) R(c1) D(d1) S(s1) F(f1); 
(Profile shape command) 

N(ns) G01 X(x1 ) Y(y 1 ) [G4I D(dd) G5I T(tt)J; 
D(dd)S(8s)F(ff) 

N(nf)X(x2) Y(y2) [G40 G50]; 



G80 P(ns) Q(nf) R(c2) D(d2) S(s2) F(f2); 
G80 P(ns) Q(nf) R(c3) D(d3) S(s3) F(f3)' 
G80 P(ns) Q(nf ); 
In the above program. (Coreless machining com- 
n^nd) means a block in which steps for the coreless ma- 
chining are set. The command represented by "GSI ■ de- 
fines the coreless machining command, subsequent "P 
^o (ns)° sets a top sequence number ns in a profile shape 
command block group, -©(nf)- sets a termination se- 
quence number nf in the profile shape command block 
group, and "K(Ad)" sets an amount of the maximum cut- 
ting in the coreless machining. Further. •R(c1)- sets the 
finishing allowance cl in the coreless machining so as 
to set a shape obtained by offsetting the profile shape by 
the finishing allowance when the coreless machining is 
completed, •D(d1)- sets the wire diameter correction 
number d1 in the coreless machining so as to set an 

amountofoffsetaccordingtomachiningconditionsinthe 
wire machining. ■S(s1)" sets a machining condition 
number si in the coreless machining, and ^(f 1 )• sets a 
constant feed rate ft in the coreless machining. 

In the (Coreless machining command), variables are 
set for use in the profile shape command and the finish- 
ing command as will be described infra. 

The subsequent (Profile shape command) is a com- 
mand to determine the profile shape for coreless machin- 
rng. Further, it is possible to specify a shape by a com- 
30 bination of command blocks such as linear interpolation 
(G01). orcirculararc interpolation (G02/03) identical with 
that in a typical shape programming in an NC apparatus 
In •N(ns) G01 X(x1) Y(y1)- of the illustrative pro- 
gram. •N(ns)" means a first block of the profile shape 
3S command, and "GOl X(xl) Y(yl)- means an initial ap- 
proach command from a machining start point (the ref- 
erence point O in Fig. 1 ) to the profile shape. A point reu- 
resented by "X(x1 ) Y(y 1 )■ corresponds to the point Q fri 

^ Further, m -641 D(dd) G5I T(tt). ■ an amount of wire 
diameter correctkin dd is set by "641 D(dd)" by which for 
example, the amount of wire diameter correction on'the 
left side Of a wire traveling directton can be set. Further 
« Tiitt)*^""' °^ correctkjn tt of the wire is set by "GSi 

•N(nf)" means that this block is a terminatfon block 
in the profile shape command block group, and "X(x2) Y 
(y2)" means that the process retums to the reference 

so ^-nl nJZ°'''^' *° ^^^'^^ P'""'^ «h3P«- P"rtfer. 
G40 G50' 18 set to cancel the amount of wire diameter 
correction and the anrjount of taper correction of the wire 
set in '641 D(dd) G51 T{tt)." 

During the command of the profile shape, according 
to D(dd)S(ss)F(ff).- it is also possible to vary the wire 
» diameter correctfon number, the machining condition 
number, and the constant feed rate. 

After the profile shape is set according to the block 
from •N(ns)" to •N(nf),- a CPU to control a wire cut elec- 
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trical discharge machine or a control unit connected to 
the wire cut electrical discharge machine calculates and 
sets a coreless machining path to carry out the coreless 
machining depending upon data of the profile shape. A 
description will be given of a method of calculating the 
coreless machining path depending upon the profile 
shape. 

When the coreless machining is completed accord- 
ing to the coreless machining path set depending upon 
the profile shape, punching machining is carried out to 
punch a shape substantially identical with the profile 
shape. Thereafter, in order to carry out the finishing, it is 
necessary to set the block (Finishing command) in the 
program; 

In the block (Finishing command). "G80" in •G80 P 
(ns) Q(nf )" defines the finishing command, and "P(ns) Q 
(nf)" means that the finishing is carried out in the range 
of the entire profile shape command block. Further, the 
finishing is carried out according to "R(c2) D(d2) S(s2) F 
(f2),'' that is, a finishing allowance c2 in the finishing, a 
wire correction number d2 in the finishing, a machining 
condition number s2 in the finishing, and a constant feed 
rate f2 in the finishing. 

It is possible to repeat the finishing a plurality.of 
number of times by commanding the same block as that 
described before. In this case, machining accuracy can 
be improved by setting '•R(c3) D(d3) S(s3) F(f3). "that is, 
by changing the finishing allowance in the finishing to c3, 
changing the wire correction number to d3, changing the 
machining condition number to s3, and changing the 
constant, feed rate to f3. 

A description will now be given of a method of form- 
ing an offset path and a coreless machining path de- 
pending upon a profile shape with reference to Figs. 4 to 
7. Here, the offset path and the coreless machining path 
are formed by using a linear block and a circular arc-like 
block. 

Referring to Fig. 4, a description will now be given 
ot a method of forming the offset path C and the coreless 
machining path D by using the linear block. In Fig. 4, a 
profile shape A Is set according to the profile shape com- 
mand shown in the program. The offset path C is initially 
set. In orderto set the offset path C. a finishing allowance 
c1 and an amount of wire diameter correction d1 are 
used. That is, the offset path C is obtained by offsetting 
the profile shape A by c1 and d1 . In Fig. 4, a wire passage 
along the offset path C is set by points P1 , P2,.,. P9, and 
P10 (= P1). The offset path C can be found depending 
upon a calculation after the profile shape command, the 
finishing allowance c1 , and the amount of wire diameter 
correction d1 are Input Into the CPU of the NC apparatus 
or the control unit connected to the NC apparatus. The 
calculated offset path C is stored in storage means, and 
is read out and used at a time of calculation for the core- 
less machining path D, or machining depending upon the 
offset path C. 

Subsequently, in vectors <0-P2>, <0-P3>,...<0-P9> 
for connecting a reference point O and the points P2, 



P3,. .. P9 on the offset path C (here the brackets < > being 
used as a vector sign), the maximum value lOPimaxI is 
found from among absolute values I0-P2I. I0-P3I,... 
I0-P9I. In the embodiment of Fig. 4, the absolute value 

s of the vector 0-P2 for connecting the reference point 0 
and the point P2 serves as the maximum value lOPimaxl. 

Next, the number of the coreless machining paths D 
(hereinafter referred to as number of times of cutting N) 
is found depending upon the maximum value lOPimaxl 

10 and the amount of maximum cutting Ad in the wire ma- 
chining. The number of times of cutting (integer) N can 
meet the following expression: 

N ^ lOPimaxI/Ad > N-1 (1) 
In the embodiment of Fig. 4, N = 4. 

IS Subsequently, N-1 points P2.1, P2.2,... P2.N-1; 
P3.1 , P3.2,... P3.N-1;... are set on straight line segments 
0-P2, 0-P3,... 0-P9 for respectively connecting the refer- 
ence point O and the point P2, the reference point O and 
the point P3,... the reference point O and the point. P9 

20 such that the N-1 points can equally divide the line seg- 
ments into N partitions. Further, the coreless machining 
path b is set by respectively connecting the points P2. 1 , 
P3,1,... P9.1, P2.1 through straight lines. Similarly, the 
coreless machining path d is set by respectively connect- 

2S ing the points P2.2. P3.2,... P9.2. P2.2 through straight 
lines, and the coreless machining path f Is set by respec- 
tively connecting the points P2.3. P3.3,... P9.3, P2.3 
through straight lines. 

In the first coreless machining according to the core- 

30 less machining path b, the wire passes through an inter- 
val a up to an intersection on the coreless machining path 
b along a straight line for connecting the reference point 
O and the point Q on the offset path, and thereafter pass- 
es through the coreless machining path b. In the second 

35 coreless machining according to the coreless machining 
path c, the wire passes through an Interval c up to an 
intersection on the coreless machining path d along the 
straight line extending from the reference point O to the 
point Q, and thereafter passes through the coreless ma- 

40 chining path d. Similarly. In the third coreless machining 
according to the coreless machining path f, the wire 
passes through an interval e up to an intersection on the 
coreless machining path f along the straight line extend- 
ing from the reference point O to the point Q, and there- 

45 after passes through the coreless machining path f. 

After machining along the coreless machining paths 
b, d, and f are respectively completed, the process pro- 
ceeds to the machining along the offset path C. When 
the machining along the offset path C is completed, an 

so inside portion of the profile shape A is removed with the 
finishing allowance c1 left. 

The coreless machining paths D are found as de- 
scribed above, and are stored in a memory together with 
the offset path C. Further, the data are read out and used 

ss at a time of machining. 

A description will now be given of a method of form- 
ing the offset path C and the coreless machining paths 
D by using the circular arc-like block with reference to 
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Figs 5 to 7. The above method of forming Ihe coreless 
machining paths D by using the linear block can be ap- 
plied by substituting the circular arc-like block for the plu- 
rality of linear blocks. 

Fig. 5 is a diagram illustratingcircular arc-like blocks 
havBig a concave circular arc. Fig. 6 is a diagram illus- 
trating a circular arc-like block having a convex circular 
arc. In Fig. 5. the circular arc ni fomiing a part of a profile 
Shape A is the concave circular-arc. and is used to cut 
an inside portkan of the circular arc. When the circular 
arc block ni having a ladius r is commanded, a circle E 
having the radius r as shown in Fig. 7 is supposed to find 
aregularN-polygon(N = 4.8. 12. 16.32...)withthecircle 
E serving as a circumcircle. In Fig. 7. the maximum gap 

between the regular N-polygon and the circleEis defined 
as Ar. 

The polygonal number N of the regular N-polygon is 
found by multiplying n (n = 1 . 2... ) meeting the following 
expression, by 4 (N = 4n): 

cos(jt/4n) s (1 -Ad/r) > cos(jt/4(n-1 )) 
(2) " 
where Ad is the amount of maximum cutting by the wire 
electrical discharge machining of the wire electrode By 
finding N depending upon n obtained from the above ex- 
pression, a relationship Ar s Ad can be obtained 

Further, in Fig. 6, a circular arc ni forming a part of 
a profile shape A is a convex circular arc. and is used to 
cut an outside portion of the circular arc. When the cir- 
cular arc block ni having a radius r is commanded, a cir- 
cle E having the radius r as shown in Fig. 7 is supposed 
tofindaregularN-polygon(N = 4. 8, 12. 16.32 )with 
the circle E serving as an incircle. Here, a polygonal 
number N of the regular N-poVgon is found by multiply- 

/?? " f"r ^ ' ^ •••^ "meeting the following expression, by 4 
(N = 4n): 

cos(K/4n) > r/(r + Ad) > cos(rt/4(n-1 )) 

By finding N depending upon n obtained from the 
above expression, the relationship Ar s Ad can be ob- 
tained as in the concave circular arc. 

Further, the number of partitions M of the circular arc 
ni IS set according to a central angle 0 of the circular arc 
ni. The number of partittons M (integer) of the circular arc 
ni can meet the following expression: 

MSN- (<|./2jt) > M - 1 (4) 
Theexpression (4) shows at least how many sectors 
having the radius r and a central angle 4. (= 2jt /N) shown 
in Fig. 7 are required to form sectors having the radius r 
and the central angle (f. If N = 8 as shown in Fig 7 and 
the angle <t. is n/2 as shown in Fig. 5. then N mn) = 2 
(= M). Therefore, in the circular arc-line btock defined bv 
the points Pi and Pi+2. the radius r. and the central angle 
* as shown in Fig. 5. one intermediate point Pi+1 is set 
to divide the block into two pieces. 
- As set forth above, according to the above expres- 
sion, the circular arc ni is divided into M pieces and a 
calculation is made to find intersectkjns (Pi Pi+i 
Pi+M) of the divided linear blocks and the offset path's© 



as to determine the coreless machining path D. 

As in the linear block described before, the offset 
path C can be found by the calculation after inputting the 
profile shape command, the finishing altowance c1 . and 
the amount of wire diameter correctten d1 into the CPU 
of the NC apparatus or the control unit connected to the 
NC apparatus. The calculated offset path C is stored in 
storage means, and is read out and used at a time of 
calculation for the coreless machining path D or machin- 
»o ing depending upon the offset path C. 

A procedure for the machining method embodying 
the present invention will be discussed below with refer- 
ence toa flowchart of Fig. 8. Initially, it is decided whether 
or not coreless machining is carried out in the wire cut 
electncal discharge machine depending upon presence 
or absence of the coreless machining command in the 
machining program. The decision can be made by. for 
example, chocking presence or absence of a command 
"G81 ■ indicating the (Coreless machining command) de- 
20 scribed before. If the coreless machining command is 
present, the process subsequently proceeds from Steps 
S2 to SI 6. If the coreless machining command is absent 
the process subsequently proceeds from Steps S21 to 
S26(StepS1). 

2« When there is the coreless machining command, a 
flag F indicating a completion state of coreless machin- 
ing processing is set to a value of "O" indicating an un- 
processed state (Step S2). Further, a decision of the val- 
ue of the flag F is made in Step S3. 
^ When the flag F has the value of "O". i.e.. the core- 
less machining Is in the unprocessed state, the process 
subsequently proceeds from Steps S4 to SI 6. When the 
flag F has a value of "r, i.e.. the coreless machining is 
completed, the process subsequently proceeds from 
3S Steps S21 to S26 (Step S3). 

In the coreless machining, as shown in the bkjck 
G81 P(ns) Q(nf) K(Ad) R(cl) D(d1) S(s1) F(f1);" in the 
above program, varbus parameters used for the core- 
less machining are initially read for analysis (Step 84) 
Further, the profile shape command is read to introduce 
a profile shape used for the machining (Step S5). 

A passage whose wire diameter is conected is cal- 
culated to find a path depending upon the parameters 
and the profile shape read in Steps S4 and S5 (Step S6) 
>he found path is stored in a buffer such as memory 
(otep 57). 

The process from Step S5 to Step S7 is repeated 
until the entire profile shape command is completed, the 
so S8) "^^^ machining is completed (Step 

Subsequently, as set forth above, a coreless ma- 
chining path and an offset path are formed depending 
upon the profile shape. In the coreless machining path 
and the offset path, it is necessary to make a decision 
whether or not the coreless machining path interferes 
with the offset path (Step S9). 

Adescription will now be given of a method of check- 
ing interference of the coreless machining path with the 
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offset path with reference to Figs. 9 and 10. 

In Fig. 1 0, according to the above method of forming 
the offset path C and the coreless machining path, the 
coreless machining path (shown by the one dot chain 
line in Fig. 10) is formed by using a reference point OO 
with respect to the offset path C (shown by the solid line 
in Fig. 1 0). In this case, there are provided line segments 
for connecting the reference point OO and points P2, 
P3,... P8, P9 on the offset path C, and it is checked 
whether or not the line segments intersect the offset path 
C. In Fig. 10, though some line segments C)0-P2, 00-P3, 
O0-P7. 00-P8, and O0-9 do not intersect the offset path 
C, other line segments O0-P4. 00-P5, and O0-P6 inter- 
sect the offset path C (see the square markD in Fig. 10). 
When passing points of the coreless machining path are 
disposed on the line segments Intersecting the offset 
path C, the coreless machining path may be formed as 
shown by the one dot chain line in Fig. 10. This coreless 
machining path interferes with the offset path C. If the 
wire is moved for machining along the careless machin- 
ing path, shaded portions are erroneously cut and re- 
moved though no machining is required for the portions. 

Hence, it is decided whether or not the interference 
is caused by checking whether or not the coreless ma- 
chining path intersects the offset path C (Step S9). If 
there Is an interference range, the process proceeds to 
Step S11 where the profile shape is divided to provide 
another profile shape causing no interference (Step 
S10). 

The interference checking processing in Steps S9 
and S'10 can be carried out by a calculation to find inter- 
sections of the offset path C and the line segments for 
connecting the reference point and points on the offset 
path depending upon data of the offset path C found In 
Step S6 and data of the reference point. 

Further, as will be described below the profile shape 
can be divided in Step S11 by providing another refer- 
ence point causing no interference so as to divide the 
profile shape. As shown in Fig. 10, the line segment for 
connecting the point PA and the reference point OO in- 
tersects the offset path C. Hence. Instead of the refer- 
ence point OO, a new reference point is set such that a 
line segment for connecting the new reference point and 
the point P4 does not intersect the offset path C. There 
is provided a line segment for connecting a point imme- 
diately before a point causing the interference and a 
point at which the interference is released, and an inter- 
mediate point of the line segment is employed as the new 
reference point. In case of the point P4, the point P3 
serves as the point immediately before the point causing 
the interference, and the point P7 serves as the point at 
which the interference is released. Thus, an intermediate 
point of a line segment P3-P7 for connecting the point 
PS and the point P7 is employed as a reference point 01 . 

Consequently, depending upon the new reference 
point 01, the interference is similarly checked. In this 
case, a line segment for connecting the reference point 
01 and the point P4 intersects the offset path C, resulting 



in generation of the interference (see the triangular mark 
A in Fig. 9). Then, similarly, there is provided a line seg- 
ment P3-P5 for connecting the point P3 serving as the 
point immediately before the point causing the interfer- 
5 ence and the point P5 at which the interference is re- 
leased, and an intermediate point of the line segment 
P3-P5 is employed as a reference point 02. Depending 
upon the reference point 02, the line segment 02-P4 
does not interfere with the offset path C. 
10 Finally, the coreless machining path is formed by us- 
ing the reference point OO for the points P2, P3, P7, P8, 
and P9, using the reference point 01 for the points P5 
and P6, and using the reference point 02 for the point P4. 
When there is provided a profile shape causing no 
IS interference, as described in the method of forming the 
offset path and the coreless machining path, the number 
of times of cutting N is found depending upon the expres- 
sion (1) (Step SI 2), and the coreless machining path is 
set by calculation depending upon the linear block and 
the circular arc-like block (Step SI 3). 

Further, the calculated coreless machining path is 
stored in a memory, and the machining is carried out by 
reading out the path data for a command to an NC ap- 
paratus (Step SI 4), 

The machining processing in Steps S1 3 and S14are 
repeated until the coreless machining processing is com- 
pleted (Step SI 5). 

After the coreless machining processing is complet- 
ed, the flag F is set to "1 " so as to indicate that the core- 
less machining is completed (Step SI 6). 

In the finishing starting from Step S21 , it is initially 
decided whether or not a machining command is 
present, thereby deciding whether or not the finishing is 
carried out (Step S21 ). When the finishing is carried out 
in response to the finishing command, as shown in the 
block -G81 P(ns) 0(nf) K(Ad) R(c1) D(d1) S(s1) F(f1);" 
in the above program, required parameters are analyzed 
among the various parameters used for the coreless ma- 
chining (Step S22). Further, the profile shape command 
is read to introduce a profile shape used for the machin- 
ing (Step S23). Depending upon the read parameters 
and the read profile shape, a passage whose wire diam- 
eter is corrected is calculated to find a finishing path 
(Step S24). 

By moving the wire according the found finishing 
path, the finishing is carried out for a workpiece which is 
roughly machined according to the coreless machining, 
and the process from Step S23 to Step S25 is repeated 
until the finishing is completed (in Steps S25 and S26). 

Thus, in dependence upon a profile shape (A), serv- 
ing as a path commanded in a machining program, a wire 
diameter a finishing allowance, a closed machining path 
(C) is set inside the profile shape (A). Further, in depend- 
ence upon positions of a plurality of points (P2. P3,...) 
forming the machining path (C). one or more machining 
paths (b, d, and f) are set inside the machining path (C) 
to be substantially similar to the machining path (C). Wire 
cut electrical discharge is carried out by moving a wire 
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electrode along the machining paths (b, d. and f) and the 
offset path (C) so as to remove an inside portion of the 
profile shape (A). 



Claims 

1 . A wire cut electrical discharge machining method of 
removing material to form, through a workplece (W) 
a hole having a desired cross-section, comprisinq io 
the steps of: ^ 

defining a closed offset path (C) extending 
inwardly of the profile (A) of the desired cross-sec- 
tion and made up of straight lines interconnecting a 
plurality of operational direction-changing points is 
(P2. P3, ... P9) and extending generally parallel to 
respective corresponding parts of the profile of the 
said cross-section and at a distance (d^ + c,) there- 
from such that the wire cut electrical discharge 
machining along that path will produce a cut bound- 20 
ary (B) extending slightly inwardly of that profile (A); 

defining a reference point (0) within the said 
closed offset path (C); 

defining a first additional closed path (D3) 
within the said closed offset path (C). made up of a 2s 
plurality of straight lines Interconnecting a plurality 
of intermediate direction-changing points and 
extending parallel to respective corresponding lines 
of the said offset path, at least some of the said inter- 
mediate direction-changing points being defined at 30 
respective positions along straight lines from the 
said reference point to respective corresponding 
poiVits-^^ operational direction-changing 

defining at least one further such additional 3s 
closed path, within the said first additional closed 
path and using the same reference point (0) the dis- 
tance between the first additional closed path and 
the said offset path, and the distance between the 

or each further additional closed path and the addi- 40 4 
tional closed path defined next inwardly thereof 
being selected to ensure that if the machining is per- 
formed along each of the defined additional closed 
paths in turn, from the innemiost one outwardly and 
then along the said offset path, the machining will 4S 
proceed in a coreless manner; and 

performing the wire cut electrical discharge 
machining along each of the defined additional 
closed paths in turn, from the innermost one out- 
wardly. and then along the said offset path. so 

2. A punching method using a wire cut electrical dis- 
charge machine, comprising the steps of* 

specifying a profile shape (A) of a machining 
area to a machining program; 55 

setting one closed offset path (C) formed in the 
profile shape (A) by interconnecting a plurality of 
points (P2. P3....)throughlinesdependinguponsaid 



profile shape (A), a wire diameter, and a finishing 
allowance; 

setting one reference point (0) at an interme- 
diate position sunounded by the offset path (C); 

setting, on line segments (0-P2, 0-P3,... ) for 
connecting the reference point (0) and the respec- 
tive points (P2. P3,... ) on the offset path, one or 
more partition points (P2.1. P2.2. ... ) to divide the 
respective line segments into two or more predeter- 
mined number of inten/als; 

providing closed machining paths (b, d, and f ) 
by connecting the corresponding points through 
lines among the partition points set on the respective 
line segments; and 

removing an inside portion of the profile shape 
(A) by carrying out wire cut electrical discharge while 
moving a wire electrode along said machining paths 
(b, d, and f) and said offset path (C). 

3. A punching method using a wire cut electrical dis- 
charge machine according to claim 2 further com- 
prising the steps of: 

when the profile shape (A) at least partially has 
a circular arc-like block, setting one or more inter- 
mediate points on the circular arc thereof, suppos- 
ing, as a new profile shape (A), a shape formed by 
connecting through lines points disposed between 
both end points of the circular arc-like block and the 
intermediate points, and setting a part of the offset 
path (C) corresponding to a part of the circular 
arc-like block of the profile shape (A) depending 
upon the supposed profile shape (A). 

wherein the number of intermediate points set 
on the circular arc is detemriined depending upon a 
relationship between the amount of maximum offset 
between the circular arc and the supposed profile 
shape (A), and an anriount of cutting by the wire elec- 
trode. 

A punching method using a wire cut electrical dis- 
charge machine according to claim 2 or 3, further 
comprising the steps of: 

deciding whether or not the line segment for 
connecting the reference point (0) and any one of 
the points (P2. P3,... ) on said offset path intersects 
said offset path (C); 

when intersection is caused, setting the sec- 
ond reference point, the third reference point or sub- 
sequent reference point (01, 02,... ) as required in 
addition to the reference point (0) at different posi- 
tions in an area surrounded by said offset path (C); 

combining the points on the offset path with 
any one of the reference points so as not to intersect 
a line for connecting one point on the offset path and 
one of said reference points (01 . 02.... ) with the off- 
set path (C); 

setting one or more partition points {P2.1, 
P2.2....) to divide the line segment for connecting the 
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point on the offset path and said reference point in 
the combination into two or more predetermined 
number of inten/als; 

setting a closed machining path passing 
through corresponding points among said partition s 
points set on the respective line segments; and 

removing an inside portion of the profile shape 
(A) by carrying out wire cut electrical discharge while 
moving the wire electrode along said machining 
paths and said offset path. io 

5. A punching method using a wire cut electrical dis- 
charge machine according to claim 4. wherein said 
second reference point, third reference point,... (01 , 
02,... ) are set at an intermediate point of a line for 
connecting any one of the points (P2. P3. . . . ) on said 
offset path and another point thereof. 

6. A punching method using a wire cut electrical dis- 
charge machine according to claim 2. 3, 4 or 5 20 
wherein, on the line segments (0-P2, 0-P3, ...) for 
connecting said reference points (0, 01, 02,...) and 

the respective points (P2, PS,... ) on said offset path, 
one or more partition points (P2.1, P2.2,.-.) are set 
to divide the respective line segments into a plurality 25 
of intervals, and the number of partition points being 
determined such that the longest interval among the 
set intervals becomes equal to or less than an 
amount of the maximum cutting at a time of machin- 
ing by the wire electrode. so 

7. A punching method using a wire cut electrical dis- 
charge machine according to any one of claims 2 to 

6, wherein if two or more machining paths are set in 

the offset path by setting two or more partition points 3S 
on the line segments for connecting said reference 
point and the point on said offset path, a machining 
program is commanded such that the wire electrode 
passes through sequentially from the innermost 
machining path toward the outermost machining 40 
path, and finally passes through said offset path. 

8. A punching method using a wire cut electrical dis- 
charge machine according to any one of claims 2 to 

7. wherein wire electrical discharge is carried out by 
passing the wire electrode through said machining 
paths (b, d, and f) and said offset path (C) so as to 
remove an area of a workpiece surrounded by the 
profile shape (A), and finishing being thereafter car- 
ried out along said profile shape (A). so 
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